The authors used a nursing task inventory system to assess nursing resources for patients with and without adverse postoperative events in the postanesthesia care unit (PACU).
RECENTLY there has been a marked interest in knowing more about the costs associated with anesthesia. 1 Given the changes in the health-care systems in North America, all components of the health-care system are under scrutiny, anesthesiology included. Despite the importance of the topic, there is little written on how best to estimate anesthesia costs.
Macario et al. 2 used a hospital cost management system to estimate and compare the cost of anesthesia to that of other activities in the hospital. They found that "direct variable" costs (the component varying with the number of cases, including labor and supplies) contributed the most to hospital expenditures for anesthesia and surgical care. Dexter and Tinker 3 also used a hospital information system database in this case to evaluate strategies to reduce costs (charges) in the postanesthesia care unit (PACU). They found that nursing costs made the greatest contribution to overall PACU charges.
To examine nursing resource needs, most studies have relied on simple per diem methods using total labor costs divided by the number of patients or duration of stay in the PACU. 4, 5 This method does not allow for the intricacies of nursing resource requirements given differences in the patient case-mix and specialized care for adverse postoperative events. Our approach to estimate the cost of anesthesia care in the PACU used a nursing workload measurement system. This differs from previous methods in that a workload approach measures patients' requirements for nursing care (nursing intensity) and provides an estimate of the number of nursing care hours (workload) required to meet these needs.
The objective of this research was to use a nursing workload system to measure the activities of nurses in the PACU. The Project Research in Nursing (1980 version; PRN 80), a nursing task inventory system, is a Canadian information system for the management of nursing staff in hospitals and homes for the aged. 6 We then used the points per task derived from the PRN system to determine workload and costs of nursing care for patients with and without adverse postoperative events. The secondary objective was to use the parameters from a regression to model the number of nursing personnel required for differing rates of occurrence of postoperative adverse events.
Methods
Two data sources were used in this research, the ongoing anesthesia follow-up database from St. Michael's Hospital in Toronto (preoperative, intraoperative, and postoperative information on all patients who were attended by an anesthetist) and that from a nursing workload study in the PACU at the same hospital (April 1996 to September 1996) .
The anesthesia database has been previously described. 7 For each patient undergoing surgery at the hospital (PACU admissions only), a special form with definitions for adverse events was completed by PACU nurses and recorded demographics, length of stay, and any adverse postoperative events. All forms were retrieved by a research assistant who checked them against operating room records. A clinical anesthesiologist or research nurse checked each form for accuracy and completeness. All data were entered into a database that included further checks on accuracy. An extensive pilot study and pretest on the form were conducted before its institution in the PACU; all PACU nurses received in-service training on its application. Length and type of operation, anesthesia technique and drugs, and other intraoperative information obtained by the attending anesthesiologist were also available from the anesthesia database.
The second source of study data related to nursing workload measurement. For this part, nursing workload in the PACU was determined using the PRN system. 8 We selected the PRN because it is the workload system that has been most extensively used and validated in previous studies 8, 9 (additional details on the PRN system are presented in appendix 1).
The initial phase of the study consisted of determination of the actual tasks performed by PACU nursing staff (registered nurses and registered practical nurses). Because the PRN system measures direct care (i.e., activities related to hands-on care), we first needed to ascertain what proportion of a nurse's time was spent in direct patient care versus indirect and nonpatient activ- ities ( fig. 1) . To do this, we used a work sampling technique (see appendix 1). Two trained observers made random observations of all nursing activities during six day shifts (8:00 A.M. to 4:00 P.M.) and five evening shifts (3:30 P.M. to 11:30 P.M.). The observers watched each nurse working in the PACU at randomly selected times on each shift and identified all activities during that shift. Work sampling was performed using observation times randomly generated at 10-min intervals. The work sampling technique, involving a large number of randomly selected observations, is therefore representative of the entire shift. Ten days of observation yielded 1,605 random observations for all nursing staff on day and evening shifts. Of these, it was found that 72.5% of PACU nursing time, excluding personal time, was spent in direct patient care.
The next step involved classification and collection of all direct-care nursing activities using the PRN point system ( fig. 1 ). Here each patient was observed, and each task/activity (e.g., intravenous medications, pain medication) related to patient care was recorded on a predefined form listing the PACU activities. The PRN system assigns a value for each direct-care item delivered by nurses. Each value assigned in the PRN system weights task intensity as well as time factor. For example, vital signs measured one to three times yield a PRN value of 1, vital signs measured 4 -14 times gives a PRN value of 3, and assisting with a physician intervention gives a PRN value of 8. Using this system, we collected patient-specific PRN data for 2,031 consecutive patients over a 3-month weekday period (63 days).
To perform the calculations necessary to determine a unit of nursing service, we sampled the specific data from 6 of the study days (n ϭ 227). These days were chosen as representative of the PACU activities with full staff compliments and a full roster of postoperative patients. Thus, values derived from these calculations would represent optimal PACU staffing and patient service. We calculated the time value associated with each PRN point in the PACU by summing the total time (total length of PACU stay for the 227 patients) and dividing this by the total PRN points for the 6 specific days. This resulted in a time of 2.11 min of direct care per PRN point. We next adjusted this figure upward to account for the proportion of indirect nursing care time. Thus, for each PRN unit value, the total nursing care time (direct and indirect) was 2.92 min.
At this stage, we merged the PRN values for each patient with his/her data from the anesthesia database. Because patient chart numbers were on both files, we used this variable to link the two databases. This allowed us to determine if specific patients had experienced an adverse event in the PACU.
Statistical Analysis
We determined the PRN points for all 2,031 patients and the mean (and SD) and median (and 25th-75th percentiles) number of PRN points by patient characteristics such as age, sex, American Society of Anesthesiologists (ASA) physical status score, duration of surgery, and anesthetic technique were determined for all patients, and for patients with and without an adverse event. Because the number of some adverse events was low, we grouped similar events (see appendix 2 for definition of postoperative events). Adverse events were described for patients using both hierarchical and mutually exclusive categories, e.g., any admission to the intensive care unit (ICU), any critical respiratory event but no ICU admission, only nausea and vomiting but no ICU admission or respiratory event, only nausea and vomiting, and desaturation but no ICU or respiratory event, etc. For each event, we calculated the proportion of total nursing workload (and 25th-75th percentiles) represented by that event.
We next determined which factors were associated with increased PACU workload (i.e., increased PRN points). We used a linear regression model with PRN points as the dependent variable and age, sex, ASA patient status, anesthesia technique, duration of surgery, and adverse postoperative events as independent variables. Age (Ͻ 50 yr, 50 -64 yr, and 65ϩ yr) and duration of operation (Ͻ 1 h, 1-2 h, Ͼ 2 h) were entered into the analysis as categoric variables, physical status was grouped as 1-2 and 3-4, and anesthesia technique was entered as a series of dummy variables. This analysis allowed us to determine a value for each independent variable, and these values represented the additional PRN points for each variable over that of the baseline (intercept). Because the data for PRN points were somewhat skewed, we eliminated the 10 largest outlying values before running the regression. To account for multiple comparisons, parameter coefficients (how much values of the dependent variable change for each unit change in values of the independent variables) were considered statistically significant at P Ͻ 0.01.
To assess the effect of patient case-mix differences on the number of nursing personnel, we created three theoretical PACU models. For each model, the number of patients was kept at 2,031 over a 3-month period, but the rate of postoperative events was varied. Model A represents a PACU in which the rate of adverse events was 50% that of our study population. Model B has the same PACU patient case-mix as the present study, and Model C represents the PACU in which the rate of adverse events was twice that of Model B. We used the parameter estimates from the regression to determine the number of PRN points required for each patient in the theoretical PACU (i.e., the number of patients with a particular adverse event was multiplied by the value of the parameter estimate for that event). The total number of PRN points was then summed for all patients and added to the baseline rate to determine the adjusted number of PRN points. We then determined the number of nursing personnel required over 3 months for each PACU by multiplying the adjusted number of PRN points by 2.92 min per PRN point and dividing by 360 min per nursing personnel (this assumes a shift of 8 h with 1 h for meals and two half-hour breaks for 3 months in the summer, consisting of 5 days per week plus three statutory holidays).
Results
Of the 2,031 PACU patients, 56.1% were female, 80% were ASA health status 1 or 2, and 60% had received general anesthesia with mechanical ventilation. For the 2,031 PACU patients, the mean number of PRN points per patient was 35.7 (SD ϭ 19.6), and the median number of points was 31 (25th-75th percentile ϭ 22-46).
The number of PRN points varied with the number of postoperative events experienced by patients (table 1) . Patients with more postoperative events had a higher number of PRN points. However, the relationship was not linear, and there was much overlap in the number of PRN points. Patients without any events had, on average, 29.0 PRN points (SD ϭ 13.8) with a median number of points of 26.
In addition, the number of PRN points varied by patient characteristics (table 2) . Patients who were women, had an ASA physical status score of 1-2, had surgeries that lasted Ͻ 1 h, and those who received neurolept anesthesia required the lowest amount of nursing services (i.e., had the lowest PRN points). The number of PRN points also varied by type of postoperative event (table 3 ). The highest value was for the 10 patients who experienced multiple problems (number of problems ranged from 2 to 10), leading to an unanticipated ICU admission (mean PRN value, 119.0; median, 95.5). Patients who experienced a critical respiratory event (n ϭ 21) also had high PRN values (mean, 62.7; median, 54). Isolated nausea and vomiting was the most frequently observed postoperative adverse event (n ϭ 121 for patients experiencing nausea and vomiting but no other problems).
Nausea and vomiting combined with other events increased the workload but not in an additive fashion. For example, patients with nausea and vomiting alone had a mean PRN value of 36.7, and those who experienced desaturation alone had a value of 39.0. When the two events occurred in the same patient, the mean value was 46.8 PRN points. However, not all multiple problems resulted in an increase in the number of PRN points. If a patient experienced excessive pain (mean PRN, 44.1) and shivering/hypothermia (mean PRN, 38.9), the effect of the combination of the two adverse events did not seem to add much additional workload (mean PRN, 44.6). The frequency and mean PRN points affected the proportion of the total workload for each postoperative event or combination of events (table 3) . For example, patients who had an unplanned ICU admission represented 0.5% of the 2,031 patients but 1.6% of the total workload (25th-75th percentile, 0.8 -2.3%). In contrast, patients with nausea and vomiting and no other problem represented 6.0% of the patients and 6.1% of the costs (25th-75th percentile, 4.2-6.9%). Patients with no adverse events comprised 60.1% of the patients and used 48.8% of the PACU costs (25th-75th percentile, 33.7-59.0%).
Factors associated with increased or decreased PACU workload are listed in table 4. After controlling for other factors affecting PACU workload, female patients were associated with significantly lower workload than males, as were patients whose physical status score was 1 or 2. Patients aged Յ 50 yr had significantly decreased workload compared with those aged 50 -64 yr. Compared with patients without any postoperative adverse events, patients who needed to be transferred to an ICU contributed an additional 37.3 PRN points (P Ͻ 0.0001). Surgery that lasted Ͼ 2 h contributed an additional 10.60 PRN points (P Ͻ 0.0001) to nursing workload. In addition, patients who underwent monitored anesthesia care or general anesthesia with spontaneous ventilation contributed less to workload compared with general anesthesia with mechanical ventilation.
The three theoretical PACU models are shown in table 5. The number of nursing staff required was related to the rate of postoperative adverse events. For Model A (the PACU in which patients had half the rate of adverse events), the adjusted number of PRN points was 78,505, and the number of nursing personnel needed to meet this workload was 637, or 10.1 nurses per day. In contrast, in Model C, in which patients had twice the rate of adverse events, the same number of patients would require 733 nursing personnel, or 11.6 nurses per day.
Discussion
This study examined the requirements for nursing services in the PACU using a nursing workload measurement system. This allowed us to consider the nursing workload for patients with and without postoperative events and to examine more fully where most nursing attention is given. We found that for patients without adverse events in the PACU, the average number of PRN points was 29.0, which still represents a significant workload and cost for PACU nursing staff. As the number of postoperative events increased, so did the associated nursing resources. The relationship was not linear because the resource needs were very dependent on the specific PACU adverse events experienced by patients. Multiple problems, such as those leading to an unanticipated ICU admission or major respiratory events, contributed disproportionately to workload. Nausea and vomiting occurred with the highest frequency, but its contribution to overall workload was in proportion to its prevalence: isolated nausea/vomiting occurred in 6.0% of patients and contributed 6.1% of the total workload. There are few details provided in previous studies on how nursing workload is actually determined. This is of considerable importance given that nursing costs contribute markedly to overall costs of anesthesia. The concept of case costing, the determination of patient-specific costs by episode of patient care, uses a sophisticated management information system to assign costs to various cost centers within a hospital (e.g., nursing, pharmacy, and so forth). However, within this cost center (i.e., the PACU), the assignment of costs to individual cases may not account for key factors determining patients' predicted (and actual) use of resources.
For example, Broadway and Jones 4 provided a detailed determination of how they assessed costs (not charges) for personnel in one hospital in Cambridge, United Kingdom. For the PACU, the sum of all salaries for recovery nurses was divided by the number of patients attended, and an average cost per patient was derived. This method is similar to that used by some management information systems in that nursing costs are treated as average (standard) cost per case or per minute. This implicitly assumes that all patients have the same characteristics and require the same level and type of nursing care. The per diem method, although simple and straightforward, does not permit us to estimate the intensity or complexity of nursing functions in the PACU, nor does it allow us to examine actual variations in nursing care for different types of patients. Our theoretical models suggest that requirements for nursing services varied considerably according to the rate of postoperative adverse events. A per diem approach would have predicted the same nursing requirements for each model. Furthermore, previous studies 10 -13 have demonstrated that the per diem methodology is not reliable or valid. Only an examination of actual nursing functions and the complexity of the patient situation will allow us to determine where efficiencies can be optimized. Thus, our use of the PRN system allowed us to examine in more detail the components of nursing time and their relation to patient condition in the PACU.
Patient characteristics such as age and sex increased PACU nursing workload, and thus costs, but in essence added less to overall workload as compared with adverse postoperative events. For example, fewer nursing interventions were given to women rather than men, and patients aged 50 -64 yr required more nursing resources than patients aged Ͻ 50 yr. Surgical time and anesthetic technique were also major contributors to PACU workload. In contrast, even minor postoperative events such as hypothermia added to nursing interventions. However, our theoretical PACU models illustrate that changing rates of adverse events can have an impact on the number of nursing personnel required to provide services to patients. Given the same time period and the same number of patients, the requirements for nursing resources varied considerably when the rate of adverse events was increased or decreased. Eliminating or reducing postoperative adverse events should theoretically have a significant impact on reducing the nursing workload in the PACU. In reality, unpredictable events such as critical respiratory events or unanticipated ICU admissions added disproportionately to workload (i.e., the proportion of total workload was greater than the prevalence of these conditions). More predictable events such as nausea and vomiting contributed in proportion to their occurrence. The relatively low costs for nausea and vomiting may be because they are easily treatable and that they are anticipated; few nursing resources were tied up in dealing with these problems. In contrast, perhaps minor problems such as nausea and vomiting are not perceived to be important to warrant a lot of nursing attention as compared with other events. This requires further investigation.
Interestingly, excessive pain, although a common problem, required a relatively high amount of nursing care, especially when combined with agitation. Given that routine orders are typically available for analgesics, this high use of nursing time is surprising. Although medication is one means of controlling pain and agitation, simple acts of being with and soothing the patient may be other important nursing interventions in pain management. Perhaps more could be done to prevent the problem before PACU admission. The goal may be to anticipate pain and the subsequent agitation before the pain cycle peaks and patients become severely uncomfortable.
The relatively low resource requirement for cardiac problems may be reflective of the patient population of general surgical cases in that patients with major cardiac problems are admitted directly to the ICU. With regard to anesthetic technique, patients who received a general anesthetic with mechanical ventilation required the most nursing attention. In addition, patients who received a regional technique had high PACU nursing requirements. The numbers of patients that received a regional block are too few for detailed analysis but may represent a high-risk patient population or could be related to the type of regional block or its duration. Despite the comprehensiveness of this study, the methods used have some limitations. The study did not attempt to measure optimal or efficiencies of PACU nursing care. The study was observational in that we measured what interventions and treatments the patients received without making a judgment as to whether an intervention was necessary. Therefore, we cannot draw any conclusions from the study about the optimal use of nursing resources. Second, the study observed nurses and patients over a 3-month period in the summer, and, although unlikely, it is possible that different results may have been observed if the study had been conducted at another time. A third limitation is that the PRN system has not been used previously to study nursing workload in the PACU. However, the PRN system has been widely used and has been well validated in other settings. Finally, it should be noted that the relationship between nursing workload and costs can vary depending on the type of nursing personnel employed. In this study, the PACU nursing staff was comprised of registered nurses and registered practical nurses; differing complements of nursing personnel or differing remuneration might result in differing costs per PRN point, but the requirement for nursing care (total PRN points) would be similar. On the other hand, we do not know if the same number of less-skilled personnel could meet these patient needs.
Given the results of our study, would it be possible to estimate the amount of nursing resources for the PACU? It would seem that infrequent problems such as critical respiratory events are associated with an increased workload requirement greater than their rate of occurrence. Although the incidence of such problems may be estimated from the literature, such events will likely continue to be a feature of postoperative care. More predictable but more frequent events such as nausea and vomiting or hypothermia add relatively little extra to nursing time, and good methods exist to reduce the rate of these problems. [13] [14] [15] Given their high frequency, there is only limited potential for reducing nursing workload by reducing the incidence of these events. Nursing staff complements will need to be maintained at high levels to deal with the 40% of patients (accounting for 51.2% of nursing care workload) who experienced an adverse event in the PACU so that, again, there is limited scope for reducing workload, particularly around unpredictable events.
In summary, this study used a sophisticated workload tool (PRN) to measure the intensity of nursing care in the PACU and to estimate the workload associated with this care. If there were a greater proportion of very ill patients or the frequency of postoperative adverse events had been higher, our model predicts a need for additional nursing resources.
Appendix 1

Time Lines
All work sampling data collection was conducted over a 2-month period followed by PRN data collection in July through September of the same year. The time frame between the two series of data collection was Ͻ 1 month, with the interim month being used to train data collectors for the PRN arm of the study. No unusual changes in practices occurred in this time frame. Therefore, the work sampling data time frame was considered an accurate estimate of direct-and indirect-care time for use with the PRN system.
Calculation of Sample Size for Work Sampling Validation: Direct and Indirect Care
An objective of work sampling technique was used to estimate the percentage of time spent in direct care (care that occurs in the presence of the patient) versus indirect care (activities directed at maintaining the patient and unit environment) for each staff group for each shift. Work sampling is a statistical estimate of workload based on a random sampling technique, and a number of observations of the variable of interest are recorded. From these data, a number of statistical inferences can be made about the true nature of the underlying population. 16, 17 In our study, 2,016 random observations of direct/indirect-care time were made on day shifts, and 1,440 random observations were made on evening shifts. Inter-rater reliability between data collectors was maintained at Ͼ 85% throughout the work sampling phase. This sample was more than adequate to reflect the actual split between direct and indirect care on both day and evening shifts where all registered nursing staff were observed at 10-min intervals.
PRN Workload Measurement Tool
PRN 80 is a Canadian information system for the management of nursing staff in hospitals and homes for the aged. 6 The primary objective of the PRN 80 system is to measure the quantity of nursing care required by all patients. This instrument lists 214 indicators or tasks that nurses complete on behalf of patients during a 24-h period. Each indicator or task is a assigned a point value that represents the time to complete a specific nursing intervention as well as the number of times the task will be completed on a shift. For example, vital signs measured 1-3 times yields a point value of 1, and vital signs measured 4 -14 times gives a PRN point value of 3. Assisting the physician with an intervention gives a PRN point value of 8. In the usual application, a PRN point value is equal to 5 min in the 24-h ward setting.
The PRN methodology has undergone extensive testing and several iterations since it was first developed in 1972. 6 Since that time, nurse experts and experienced staff have been involved in ongoing content validation of the PRN system. Using a nominal group technique, clinical consultation and review of some 2,300 nursing care plans by nurse experts, the initial items and time vales were established for the PRN system. 6 At the time of instrument development, the construct and predicative validity 18 of the PRN system was established. Construct validity was measured by comparing the degree of occupation of nursing staff to the PRN estimate of staff required on the shift on one medical and one surgical unit. The correlation coefficients were large at 0.77-0.90 and 0.60 -0.80, respectively. The results suggest that the time estimates from PRN tool correspond to the degree of work actually performed by nursing staff. 8 
Developing PRN Points
Patients do not remain in the PACU over a 24-h period; thus, the researchers needed to revise the point value for each item to reflect time per PACU visits. To do this, we took a representative sample of 10% of the patients for whom full classification data were available. The sample of 227 patients represented days on the unit that were representative of normal PACU activities with a full roster of patients and a full complement of nursing staff. Thus, the values derived from these calculations would represent the optimal PACU staffing and patient service. We examined the total amount of time (derived from work sampling study) that nurses were engaged in direct-care activity over the 6 days when the 227 patients were in the PACU (relative to the total PRN points) to determine the time value per PRN point in PACU. This is considered a valid approximation of the PRN system in the PACU given the close time line between the work sampling data collection and the original PRN classification. The method for determining time per point closely approximated the methods reported by Chagnon et al. 6, 8 
